© 2 0 1 8 I n d I a n J o u r n a l o f P a t h o l o g y a n d M I c r o b I o l o g y | P u b l I s h e d b y W o l t e r s K l u W e r -M e d K n o W 528 ABSTRACT Background: Diagnosis of initial epithelial pathology maybe difficult in Squamous Cell Carcinoma (SCC), Carcinoma In Situ and other atypical epithelial malignancies, under routine Haematoxylin and Eosin (H and E) stain. The detection of minor basement membrane alterations in doubtful cases is both time consuming and confusing. Aims: To evaluate efficacy of Modified Cajal's Trichrome Stain (CTS) in relation to Haematoxylin and Eosin for study of epithelial dysplasia, carcinoma in situ, micro invasive SCC, frank SCC, and SCC in lymph nodes. Materials and Methods:
INTRODUCTION
An accurate diagnosis and early detection of epithelial pathologies is not only essential for appropriate treatment planning but also vital for determination of prognosis. Although molecular biology is being increasingly used in the investigation of oral squamous cell carcinoma (OSCC), histological examination of formalin-fixed paraffin embedded tissues stained with hematoxylin and eosin (H and E) remains the cornerstone of contemporary cancer diagnosis and pathological staging in routine practice. [1] H and E stains have been employed in histopathology since the mid-1800s. The stain works well with numerous fixatives and moreover shows a wide range of cytoplasmic, nuclear, and extracellular matrix features. As such, it is considered the standard technique among pathologists since its inception. Hematoxylin takes a deep blue-purple and stains the nucleus and nucleic acids primarily. Eosin is pink and stains basic proteins and cytoplasm. The nuclei show varying cell-type and cancer-type specific patterns of heterochromatin condensation, which is well appreciated under hematoxylin stain that is of diagnostic significance. [2] However, even with H and E stain, the histopathological diagnosis of initial epithelial pathology may be challenging, especially in cases of early, micro-invasive squamous cell carcinoma (SCC), carcinoma in situ, and atypical epithelial malignancies. [3, 4] Problems in diagnosis usually arise due to the invasive elements being very small and remaining obscure or due to the masking of the invasive components and the basement membrane by the inflammatory reaction. The detection of basement membrane alterations is also a diagnostic trial in these This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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Original Article cases. In these situations, histochemical procedures, such as periodic acid-Schiff stain, to identify the basement membrane and also the immunohistochemical application of pancytokeratin markers for the identification of keratinocytes in the stroma are being currently used. Deeper serial sections are often made to confirm the diagnosis. [4] [5] [6] In this context, an appropriate differential stain capable of distinguishing epithelial cells in the connective tissue may well prove to be a valuable aid. In the present study, we endeavor to use Cajal's trichrome stain for making diagnosis easier without resorting to expensive diagnostic aids. The Cajal's trichrome was initially described by Ramon Y Cajal in 1897. It is a good stain for tissues composed of different structural components and as such is applicable in cases with connective tissue framework associated with epithelial cells. In SCC, it gives different tonalities of colors for varying degrees of keratinization and cellular differentiation. [7] Aims and objectives To assess both the epithelial and connective tissue elements in normal oral epithelium, oral epithelial dysplasia, and oral carcinoma in tissue sections stained with modified Cajal's trichrome stain and to compare it with H and E-stained sections.
MATERIALS AND METHODS
All cases of oral epithelial dysplasia and OSCC in the archives of the Department of Oral Pathology and Microbiology were reviewed, and 10 cases each of diagnostically challenging epithelial dysplasia and carcinoma were selected.
Dysplasia was classified as mild, moderate, or severe following the WHO tumor classification . OSCC was chosen based on depth of invasion, i.e. micro-invasive and frankly invasive.
Formalin-fixed, paraffin-embedded tissue blocks of mild epithelial dysplasia (n = 2), moderate epithelial dysplasia (n = 2), severe epithelial dysplasia (n = 4), carcinoma in situ (n = 1), micro-invasive SCC (n = 4), verrucous carcinoma (n = 1), and frank OSCC (n = 5) were retrieved from the archives.
As controls, normal oral epithelium (n = 10) were carefully chosen based on no history of alcohol or tobacco use. [8, 9] These tissues were fixed in 10% formalin and subjected to routine tissue processing.
Two sections each of 4-µm thickness were cut from cases and control blocks. These were subsequently stained with H and E as well as modified Cajal's trichrome stain.
Modified Cajal's trichrome stain principle
Ziehl's acetic fuchsin is a low molecular weight dye which stains all the structural elements dark pink. The differentiation with formol acetic acid removes the stain color from most tissue elements, and only the acidic tissues (e.g., nuclei) retain fuchsin color. With the counterstain, picroindigocarmine, the basic tissues take up blue while the more acidic tissues become progressively green. Only the nucleus retains fuchsin color by the process of "viro-fixation" using formol acetic acid. Gallego modified the original Cajal technique by introducing acetic acid as the differentiating fluid and formaldehyde as a "viro-fixing fluid." It was seen that the sections stained with basic fuchsin, and passed through diluted formalin, retained the fuchsin stain strongly in their nuclei.
This method has the advantage over the original Cajal method in that the nuclear stain is permanent after the sections are treated by formaldehyde; the differentiation is perfected by the addition of acetic acid to the fuchsin and formalin. The alcohol completes the differentiation and dehydration but does not decolorize the nuclei. [7] Protocol for trichrome stain of Cajal modified by Gallego 1. Four-micron thick sections have to be obtained from the formalin-fixed, paraffin-embedded tissue blocks. The sections are then to be deparaffinized and hydrated 2. The sections are to be stained with Ziehl's acetic fuchsin for 2 min (Ziehl's fuchsin -10 drops, acetic acid -1 drop, distilled water 10 cc) 3. The sections have to be subsequently washed in water 4. After the wash, the sections are to be differentiated in formalin-acetic acid solution for 5 min (formalin -2 drops, glacial acetic acid -2 drops, distilled water 10cc) 5. The sections have to be washed in water again 6. As the final staining step, stain the sections with picroindigocarmine stain for 3-5 min (aqueous solution of indigocarmine for 1% one part, aqueous saturated solution of picric acid two parts) 7. The sections are then to be dehydrated, cleared, and mounted. [7] The H and E and modified Cajal's trichrome-stained sections were compared based on the following criteria:
(1) cytoplasmic details, (2) nuclear details, (3) cell stratification, (4) dysplasia grading, (5) dysplasia screening, (6) depth of invasion, (7) differentiation of epithelial and connective tissue elements, (8) ease of use, (9) economics.
RESULTS
Cajal's trichrome stain is a good differential stain capable of identifying epithelial cells in connective tissue stroma. With Cajal's trichrome stain, nuclei stained red, epithelial cytoplasm pink-green, collagen fibers blue, muscle olive green, and keratin and red blood cells grass green [ Figure 1 ]. [7] Cajal's trichrome stain helped delineate moderate [ Figure 2 ] and severe dysplasia [ Figure 3 ] more clearly than H and E stain. In SCC cases stained with Cajal's trichrome stain, invasion of tumor cells into connective tissue [ Figure 4 ] and the presence of keratin pearls were strikingly evident [ Figure 5 ]. Depth of invasion could also be more accurately determined by this method as the exact extent of tumor is accurately analogized. Tumor cells of SCC in the lymph node were intensely contrasted and easily discernable compared to H and E-stained sections [ Figure 6 ]. The infiltration of malignant cells in the lymph node was seen to more extensive than observed under H and E staining, thus providing an accurate picture of tumor invasion in the lymph node as the Table 1 .
DISCUSSION AND REVIEW OF LITERATURE
When the question of "early SCC" arises, the major predicament a pathologist faces is deciding whether or not frank invasion is present. In addition to the conventional OSCC, several subtypes presenting varying diagnostic challenges have been recognized. [10] The micro-invasive SCC requires intense deliberation in this regard. It is described as a comparatively "thin" tumor in the early stages of tumor progression and is devoid of deeper invasion into the connective tissue. [11] There is still considerable ambiguity in defining micro-invasive OSCC even though classification systems are in use for similar lesions which occur in other places, such as micro-invasion in cervical cancer. [4] For an early invasive lesion to be classified as a micro-invasive epithelial tumor, it should be only restricted to papillary lamina propria as defined by the depth of rete ridges. [1] There are various articles citing the difficulty in diagnosis of these micro-invasive tumors. [3, 4] In such cases, we found that the modified Cajal's trichrome provides remarkable differentiation between epithelial and connective tissue elements. We also noted that cytoplasm stained predominantly green in dysplastic epithelium while normal epithelium showed primarily pale pink cytoplasm. However, nuclear features such as vesiculation, heterochromatin condensation, and atypia were better discernable with conventional H and E stain. Thus, we noted that grading of dysplasia can be done more accurately with H and E whereas Cajal's trichrome stain will be helpful in screening of large samples.
While molecular and immunohistochemical markers such as cytokeratins are being increasingly used in the investigation of OSCC, these are expensive, time-consuming, and labor intensive. [4] [5] [6] Alternatively, Cajal's trichrome is an easy staining technique, comparatively inexpensive and may well prove to be a time-saving aid to the pathologist. Both H and E and Cajal's trichrome serve to demonstrate and diagnose cancer, however, lack the prognostic potential that immunohistochemical molecular and biologic markers such as p53 have to predict the biology and behavior of oral dysplasia and cancer. [8, 12] The trichrome stain of Cajal which was initially described by Cajal and later modified by Calleja and Gallego is rarely used in the histopathology laboratory. We found the modification by Gallego yielded good results with few adjustments in staining time. The review of trichrome stains by Castroveijo (1932) which emphasized on the Cajal trichrome stains has described the various staining techniques and principles extensively. He has also reported that this stain is one of the best for diagnosis of tumors such as neurofibroma, myofibroma, and fibrosarcoma. The author also noted that in his experience, it was one of the best stains for the study of corneal pathology. He further elucidated that this stain is particularly useful in tumors where connective tissue framework is associated with epithelial cells and shows variation in hues with degree of keratinization. This was the basis for our hypothesis that this stain will be particularly useful in the diagnosis of early micro-invasive SCC. [7] An excellent review on Aberlado Gallego and his contributions to histotechnology by Ortiz-Hidalgo (2011) has discussed Gallego's general connective tissue stain as one of the stains perpetuated by Gallego. The protocol mentioned bears remarkable similarity to the Cajal's stain, except for the substitution of indigocarmine by indigo as the counterstain in the former. It has been noted that the general differentiation of tissue elements with this stain is striking and can be used in histology teaching. [13] An extensive Google Scholar and PubMed search did not reveal any other studies done using the Cajal trichrome stain in the digital archives. Indeed, as mentioned by Castroviejo, though the silver impregnation methods developed by Cajal are quite popular, the triple stain developed by him is hardly known and practiced despite being one of the best differential stains. [7] 
CONCLUSION
Histopathological evaluation of formalin-fixed biopsy tissue is the foundation of cancer diagnosis and pathological grading and staging. Currently, standard protocols for reporting head and neck cancer have been described and are being widely used world over. These standardized protocols have enhanced the general level of the pathological assessment. [1, 14] However, even after use of standard protocols, there are probable difficulties and pitfalls in the assessment of incisional biopsy specimens, surgical resection specimens, and neck dissections. [1, 11, 15] By establishing Cajal's trichrome as an adjunctive histopathology stain, possible shortcomings in cancer diagnosis can be overcome. The Cajal's trichrome stain may be a potential savior in scenarios requiring screening of large samples of potentially malignant or malignant lesions and in special cases where the invasive nature of the tumor is not readily discernable. Although H and E remains the gold standard for pathological analysis, Cajal's trichrome may well prove to be a valuable addition to a pathologist's armamentarium.
